
 

1 

�!�	��� ���,� -��.�*�/ 0��
,�( !���' �!�� 1 � �
�' �	!�2 )��� 3�$4 �� 2)��� ��  0���

562��7 ��2)��� "�89/� * 

������� ��	
1 �
� �����2 

1- �����	
  ���� �������� �
��������  

2- ������� �
��	
�� � �
����� ��
� ��	���� 

rezabahmani.ce@gmail.com 
 

����� 

����� �	
���� �� ������ ����� �����
� ����� �� ��  ���� �� �  �!"�� � �#$% &�'�  �(� )��*� +�!, �� �
��
� ��-' 

��. �/ 0��!� . �2
 �3�4�� ��	
��� �  56  �	�� �7$7�8�9 	�	/ 0!" :;< �� �  �6��+ �� 8��%�  =� ���� .	9  ���
��� >	<

�' �?< ����� 8�?<��� @<�� ��� �A�"� B������� �  �	�  &�� �����  �/  ����� �� �� 5�� �� 	��� ����� �����
� )��C� �!"�

. �/ D�E� ���� �;� �� � ���� � �F��� �� 8�9����  �/�� �  ��2�����9 �� G7  ��4� � :A�H G2I� J�� �&%� �� �/ �� 

:���K� ��2���� ��+ �� G��L �M%�� N��$A� .	��� ��� ���� :� �	I�8�9 .8��2!� �,!� �/��� �  8�9����  ��/� �� O�E�%�  ��P��


��	��2
 �� 5�� ��� �� ���A� ����  �/�� �(�� �� ��P�. 

�  5�� �7�K�. ���A� ����8�9 5�� Q;�� ����� �  ����� .�	
���� �� RP6 ���� �/�� 8�9����  � :I� ���8�9 �;K( � ���78� 

���� ��� �  ���9�/��� 8���  �9����  . �/ �!�� � :!L�� )��F�� ��.	E/�� ��2����8�9 4 .8  �12 ,+�K :!L�� ��  	C�  �

V� )��F�� 8�9�/��� �� �6��+ .�7�� �  >�
 ��$A� PERFORM-٣D �	/ 8���7	� � G;I�8�9  �W��E�  � �*��- �W�����

�
��� �X4���� �*��-  ����� :M%.:�� �	/ >��
� �	
���� ����� �  �9����   �W;2< D���
 G;I��9 ���
 ��	9  ��   ����

2< 8�� �� 0;�4� :!L�� �  �!�� �  �/����(�� �/�� ����   �W; � ��/�P� ���A� �Y�  ���� @<��  ���� ���� � �F� GW�� � GC�

�� �����.  �� 

 
 :����� ���������  �!����"� ���#�  $%�&�'�( �)#
�*� +����  *+"�  

	�A  

 

 

 

 

 

 

 

 

 

 

 



 

2 

1 - ;�.#� 

��� � !����"�� �
#� 	�� $% &'��% (��) &�� *�+���) " �	���
#��� �%,-
� "�)-. � &� /�� ���-. �0) 1	�2-3 %� :����»�'��#6� !�"��7��� 

/'�� 	
�#����8� &� ��8� �� &�+"� �09�% �
: �% ��-�� ��	;� /'< =;-	"�> 
- �
# 
� ?%
� =;-	 "�> �, @
����� &� ��
� ���� �, �&� 

	�A� % B�
�#%
� &�+"� ����  
� &����
�« ]1 .[ 

$�	�G�� �
# 
���� ���� 
:-( 
�" �
:�	� �� 7B� �
:	
�H�� 7�
� �
:	
�H�� I
'#J� 
� �	�K�	
�-? �$L�7& : �
: M�
N)!���7
 �A
> 7�

� �� " �
����-. O<�? J��A 
:	
�� ������� �� .-. �
%� "	� �
# 
� &��P Q�0% 	� 
:�. R �
:	
���+�0%� % 	��<���7��� % /�� .�%#?S 

�,�B�
: �	;�� �
# 
� .����
� 
:-� J��A �	�A� ���  �����#� &� ����� 09�%�  
� �	-&P	
T�  �
8�� �������

� ��OU� 7��" �*��� V6!� ��)-W 

� 
�) 
:	
� ���%-�
� '%��
:� 
Y-;�-. R �
:	
� 
� &$�
L% 	� " ���� �"�S% (	
� [
L#���[�0%� ] ���� /%"
L%2.[ 

&Y�)  &0%
Y���U%� �0� ��#�� 	� �6� @��U�� ��� �! �
�"	 �
# 
� ��-/�1  [
� 	� ���+ 	�1968 � &�-.  _���J �� �0� " �� M�G0% `�9�%11 

 �O%
#T�2001 �
UY 1	
�) ;��%�2 ��P 7-. ��&# �	���
#��J��A �
: ="	 �
:�	���
#�� ��OU� /UY ��
�� ���  ����� 	�� !����"�� � `"��&  	
�

] �����3.[ 

c�� ����d
) " c�� ����Y3   [
� 	�2008 I
< ���"���! ����  ?�'�
#! ��
-�	� &�
:� � .�-, e
�� �� &� ��f�> �� ��
� �J��A &%
 ��f�> �
:

 ="	 &� " ���LRFD 4   .��# ���! 7����� ��� �J��A V:"h! .-� 	���#� &� �%
��: ���"���! ����  ?�'�
#! &� �� ��:
�%
:�  MKJ ��
� &���

�% V-�;>� 7������
� 	� ���"���! ����  ?�'�
#! 1
LOA ���0) V-�;>� 
� &� �� ��:
�% ��-� M�A �� .��
- �% V:
� .-� 	� &� /�� ��i &� @�f .��
-

] �� &#>�� �j� 	� B$2 k�%
� 1	�2 &� 1f
N)� &�$� l�LS)4.[ 

"-"�O "�f "5   [
� 	�2009 	"�%� �! �� �
)��-�� ��� � !����"�� ��
� 	���P 1
%�;+� " 
: ="	 .����� &d�	� �	 
:-. ��� �	���
#��� ��$Y���  ��

��� � !����"�� S��"�S% .�� n-/
: �;% "-
� ="	
:� $S)�? ��� e�#�� 	�� �	�-�
� ��� � !����"�� ��
���� &2�  
:-�:� .�/ o
)�� ���+ 	
��� 

���  	
#>	 	�� !����"�� ��
�� 
:�; ��� nS�-����  &� �� p
O�#�� .� !����"�� ���+�� ��
�% 
:� ="	 q�2� 
� ����)
:� 	
Y� $S)�?  ����]5 .[ 

	
: " �#�
)-"�O � "�
��$ 
���)��	6   [
� 	�2009  ="	 �� ��
H#�� 
�APM 7 ��� � !����"�� ?! 	�
:� �#�� �
'+�% &+;+� [�A 	� �	� 
#� .�����-s 

o
)�� �! &Y�) ?�
<-�� ��� � !����"�� ?! ���$� 	�% �
�� �	 &+;+� [�A 	� 
:��:��t: .�. ���
  .#>�� �j� 	� ��	
�"�
� ��� � !����"�� �	� 	�-�
� 

���+ ���$��� ��
�
:� �Y-� �
)�� ��� @��� " ���-� �! &�-�� ��� � !����"�� %�����) � &+;+� [�A 	�-�
� $Lo 	
� &� �"�S% " ����� � 	
�H�� "�/' 

 ="	 "APM 7 %�����) ���  	
#>	� !����"�� ?!:! �	 
�V ���� ] ���6 .[ 

�
  �S%�  [
� 	� ����� "2012 LS) 	��L� ="	 �� ��
H#�� 
�
:� )��- ��#�� �#O% ��� q�2�� "	 ��-
:���� ASCE 8  "FEMA 9  `�� �o� "

%���; ����
�� j�%
� 
�� P 	� M	
0#%��
%� �	�� �	 
:���
�� 
#� �� .�����-s �-. LS)�l �-. �;� &� ���-�#� �	
�� &� 
:���
� ����
:� � &�
:�-	��  
)

�J�  	
#>	 &�u�;Y� ��%� �-	�� ov) /S) �	�� % 7�:�� 	��<� � 	
#>	 ����)-	�� ] ��6� ��OU� �	7.[ 

d��:��  [
� 	� ��	
�: "2016 '�
#!�? ��� � !����"�� ��
� 	�
:� 4 78  "12 �#� &LOA� 
:	
� /S) �	� ���+�� �	�� �	�%� 	��< 
#� .�����-s 

�
J� � MKJ &� ��� �, ��-	�� ���� >�w V:
� 7��
� /%"
L% V:
� n�
� ��
� ���/ �;>� 7��
�-V 
��
Y�- O'�� % @
����� �� "�
! 1x
:  
�

�;>�-V % V:
� 1
LOA ���0)�-��
�, W<�" 	� .�B �-��� �-	�� ���� ��
� 	�
:� o
) �
)���� ��� � !����"�� � �	��#� >��;-V %��:� ]8.[ 

��"�%� �
# 
� 	�
:� �#�� � 
� &$�
L% /UY�
:"�� O�
Y� %v) "�. 
!-	��� O�
Y� #6� "� � �� ��
H#�� 7B�
�%-	�� ���� �%�� %�;+�� >�A �� ./��� 

 �� 	�� 	
0% 1
jJ�% /UY &� �	��%�7 O0)�& � 	� ���
�-	�� ���� K!
� I
�#Y�-� %�� .��
��c#'�
: ��
�% ���$� ��	�� ��H$#6� 	
�� 	�-�� 

��� � !����"�� %�7���
� ��-. � 	� 	�j�%-. �
# 
� ���$� V:"h!
:� �#�� � 
�-	�� ���� ���  /S) 	�����
�� !����"�� �	�� �	�%� 	��< &#>��

                                                      
1 - Ronan Point 
2 - Word Trade Center 
3 - Jinkoo Kim & Teawan Kim 
4 - Load Resistance Factor Design 
5 - Wibowo & Lau 
6 - Hartanto Wibowo & Silvena Reshotkina 
7 - Alternative Path Method 
8 - American Society of Civil Engineers 
9 - Federal Emergency Management Agency 



 

3 

� ./��-. �	�-�
� �A ��-l $S)�? 
:� )
#����� R��G � � "-%
���� R�G �� 
:	
� /S)� ���+�� 	�;>� @�� �� ��
H#�� 
� "PERFORM-٣D  [�% 	�
:� 

�0� &�� 
#� ./�� ��� @
���-s � �� ��� y��6#��-. $S)�?
: z) ?%
���� O�
Y �
�%� O'�� ��S� " 1
LOA� ��)�?   ?2
H%���  u
8���%��
�. 

2- ;54�=� �!2� '�� >.� 

�
# 
� ��	�� &0+
G% �	�% �
:��! �) 1	�2 &��{ � ��	�� 1
LOA @
) 	3  &�
:�5 ��#% +�A /UY "� �: 	�� 9�� "� %��
�� @
) 	� .�

[�%��
� �
: 1
LOA @
) `
H)	� ��-�
'�  ����� "3 % �#%� ��
� .��
��
# 
� �
:� ��	
� 
� �j� �	�%� ���'%� �% 	�&LG |
  
� ��� `�Ⅱ � " 1�

  ���+��; O'�� #%(�� &#>�� 	��<� .����#'c ��
��� &�
�"� `�� ���  I
< 7�  .#�}$'% � ���: &� (��#%-	�� ���� � .#}$'% % (��#%�.��
� 

[�%&#>�� 	��< ��	�� �	�% l�LS) .-� 	� &� �-
:��
� 7��� ��#� �
:4 78  "12 �% &LOA[�% .���
� �
:4  /J
'% &� ���
� ��	�� ���� 	��-� ?%
� &LOA

10  "15 -� }G� �2	�[�% " 	�� �
:8  "12  /J
'% &� ���
� ��	�� &LOA10 �% 	��-� }G� �2	����
� .���
��% �%
) 	� 
:[ ��
�% 1	�2 &� 
:

)Middle) &��� 7(Corner&��� 	� �
�% 	� ~- " () 
:Stagger��� �-
�
Y ( `��% 	� " ���12 ./�� ��� ��	�� [�% 

� 	�-. LS)�l ���� 0)��. ��
:"�� ;+�, �� &+�-.  &%
�2800 �-��� ]9��� 7[� J��A�  nSO% �� ��
�9 $% 1�	�L%� ]10��� 7[� 0)��.  ?2
H% 1
N6�%

���  , ���-.  &%
�) FEMA ٣۵۶���-&  �	
�360( ]11[��� 7� 	�K�	
�� $% 1�	�L% c�� nSO% �� �]12
U� 	� " [-/ ���� ���  nS�� !�� �� ���"�

,�-.  &%
�GSA ]13 [�
H#��./�� ��� � 

��
� �! ��  	�;>� @�� 	� &�+"� �J��AETABS ���� @
��� ?�$S)�
: ��R�G  	� @�� 	�;>� PERFORM-٣D  &�1	�2 3 ��
'+�% ��0� ��� 

./�� ���� ��
'+�% ��R�G  �u�;Y ��
��� �� ?2
H% ���  ;��#% ��
H#�� ��� ./�� ���� ��
'+�% ��R�G  	��-� ���� ��#�� ���% ���# " ��f�> 


� 1
�2�N  ��R�G  3-�0) ��� " �T� 
� ��
H#�� �� �
+� �>
�+�(Structure Fibers)  %��
'+� ���.��� 

 

���� )1(  :
���� � ��������� �
 ��� ��� ���� ��� ���4 �� � 

��
�&LOA 	
UP �
:  

&LOA ��#� WGL% )cm( ��) WGL%)cm( ,���� 	��-� 	�)
%	 

UP 
) ["�@	
 35×35 – 12Φ14 30×30 – 8Φ14 Φ٢ @ ١٢۵ 

 

���� )2( 
���� � ����� :���� �
 ��� ��� ���� ��� ���8 �� � 

��
�&LOA /�: �
: 
&LOA ��#� WGL% )cm( ��) WGL%)cm( ,���� 	��-� 	�)
%	 

@	
UP 
) ["� 40×40 – 12Φ16 35×35 – 10Φ14 Φ١۴ @ ٢۵ 
c#�: 
) c��! 35×35 – 12Φ14 30×30 – 10Φ14 Φ٢ @ ١٢۵ 

 

���� )3( 
���� � ����� :���� �
 ��� ��� ���� ��� ���12 �� � 

��
�&LOA ����"� �
: 

&LOA ��#� WGL% )cm( ��) WGL% )cm( آ���� 	��-� 	�)
%	 

@	
UP 
) ["� 45×45 – 12Φ18 40×40 – 12Φ14 Φ١۶ @ ٢۵ 
c#�: 
) c��! 40×40 – 12Φ16 35×35 – 12Φ14 Φ١۴ @ ٢۵ 

c:���"� 
) cU� 35×35 – 12Φ14 30×30 – 12Φ14 Φ٢ @ ١٢۵ 

 



4 

 
) -�+1�"� ./  : (��+ 1�� �# 

 

 

 

 

 
 
 
 
 
 
 

 

) -�+2 : (*+"� (2�� �#10 �"� 
( �4
( �#4 �8  �12 ) 789:;<�*+"� � ( �#15 �"� 
( �4
( �#4 (>) 789: 

 

 
 
 
 
 
 
 
 
 

 
) -�+3 1�� : (Stagger  1�� � ���
 ��� -�+ (7+*@ 
( .�� 
( A))Corner B� ��� -�+ (7+*@) 

 
 	� W<�" ���� �
:	��-�	�S% ���
� ~- �	
��% 	��?�� 	� .���
�) �
:2) " (3���
� 1
N6�% " �
0�� ([�% 	� &#>	 	
� &� �
: �6�% 
:

�%��
� ���� .��
� �
:4 �
� ���� " ���
� ��
0�� [�% "� &LOA� �
:8  "12 &LOA�
0�� [�% ~- 7./�� ��� &#>�� �j� 	� ���
� � � /%
69-	��
:� 

����  	�����
�25 #�
���#  ���
� �"�� "20 #�
���#  "���
� &$2
>[�% �%
) 	� 	��-� &O+ �� 
: 
:75  �#�#�
�%�.��
� 



 

5 

3- #$% ?*!�@ 

�	� ����-�
� '�
#!�? ��� � !����"�� '% ="	 ���� 
Y 	
�-;�-. � e
�� �� ./�� ��� ��
H#��-.  ="	-��  ����;Y� ���
���  	
P� &� ��� 09�%� 

% MKJ ��
� �� /�� ������� �, �8� .#��� �"�� ��
� "�B �-�� $S)�? %����$S) �� �! .�? �	��� %���� � MKJ-. u;Y �S� 	����)�
� �-W 

��"�
: o
) &P��� �	� .�	��-�
�
: �A ��-l $S)�?
:� )
#����� R�G �� � "-%
���� R�G �� [�% 	�
:� �0� &�� 
� 1f
J /S) ��� � 09�%�  �"�� "

��� � 09�%� ./�� ��� @
��� 

	� �-. LS)�l '�
#!�? ��� � !����"�� �, Q�> 
� ��
� 	��B �-��� �-	�� ���� ��#� "�	�� 
:� � 7/�� ���� 1	
O� &-�� > /�� ��� Q�� &

 �S% ��
� 7&+;+� `�<"-��  ���;Y�u � [
�% ����� &�) �� -	�� ����  "-
  /�� �� �	 (3�: &LOA 	� W<�" &��� ��#�%��:� ��� �"�� ".# �-. � �8

���+ 	
� Q�0% 	�% 	��< �������o
) 7�T� .��  MKJ�8� ��
� �"	 ���	�� �	�% 
:� % 	��<����� ./UY � @
���-. ��
� �%�
:� �,�B �-�� /S) 

+
�,�; �-%
���� R��G � 	
)-&t6 �
%�� /�
�� I
#�
:� L%�e
 &+;+� ���
:�Northridge ١۴١۴۵ Mulholland  7El Centro ١٩۴٠  "           

Loma Prieta Gilroy station ١ .��#>�� 	��< 

4- �
�	A 

	� .-� V6� s-
#� ?2
J �� ?�$S)��R ���)
#�� �
:" �G  ���%
�-� �R��G  ���� ��
��
: 	��K% &d�	� ��� ./�� 

&$J�% .-� 	�  " ����  �"�� " ����  
� 1f
J &'-
L% /UY @
��� 7���"���! ����  1
O�
S%��
�c+
� �
: R ���)
#�� ;�+
�, /S)�� &�2�) e
���� �G 

 &%
� .�-,FEMA٣۵۶ .��#>�� 	��< ?�$S) /UY ��
H#�� �	�% �	�K�	
� ���- �	�K�	
�/ � �%.��
� �S�% &� &Y�) 
�&��� ��� &d�	� /�>�w �
: &%
��� 	� 

PERFORM-٣D   B-��9 ="	 (��)FEMA٣۵۶ .�� &O�
S% 
G  " �0� ��"	 ~- 	� M�: �
�% ���z) 

�, �� �! ) ��j� /%"
L%) �-
U� /%"
L% " c�$') �
:�#%�	
! " ��� �G  "� ��
� /�>�w 	���� �
�% ���z) .-� 	� ���z�%M�: �
 (� �� 	���

 y��6#��/�� ���.  &%��� 	��
�% ���z) .#��� 
� �
:�-
U� c�$') "7 &G��	 &� &Y�) 
� ��
� ��-K! ?�� )1 (&O�
S% ��            . 

 
���
� �o�% ��-�! 	���� ���� �G  "� )Te (&G��	 lOA )2��%, /�� &� (  /-
U� 	� "Rµ 
� �� �#%�	
! "� .#�����-K! ?  ��
� �o�% ��-�! "

 &O�
S%/�� ��� &O�
S% 	�j�% &� .Rs  �#%�	
! &� �
��Vs ) (c�$') &GL� .�+"� 
� �w
�#% =�� &� /�� ���� &� &Y�) 
�< 	���� c�	 	� &%
��� /�$�
� ��"�S% 	

 y��6#�� =�� .-� 7���6+��� " ��, �� �!  &O�
S% /%"
L% &>
9� B-�9 �#%�	
!��. B-�9 /-
U� 	� &��� 	
#>	 I�9 
� 
:Rµ  	�Rs  /�� &� ��%,

/��. 

)1(                                                                                                                                          
yd

dmax
=µ    

�, 	� &� µ7maxd " yd  B�)�) &� ��
� ��-K! ?��7 �
�% ���z) �
:�-
U� c�$') " .���
� �%  

)2(                                                                                                                                      
ek

ik

iTeT ×=   

�, 	� &� eT ��
� �o�% ��-�!7 iT  �$2� I"
�) �
%�7ik  �O�
Y �#6�" ��
�)	� /+
J 	� ��
�ek .��
� �% �o�% �#6� 

 

?�� 	�) �
:4) " (5	���� (&'-
L% �
:) s-
#� �� ?�$S �";>� 	
� �O�
Y��
� �	�K�	
� 	� 
: / ����- &� {P	 &� 	�G�
: ./�� ��� ��	", /��

	���� 	�	��-� 7/�� �6�% &A���% �
:���
� &� �-
:&#>��	��< &��� 	� �
�% 	� ~- " &���	� 
U�, �
:�
�% ���z) 7��� &���) �	 ��#��� M�: �
:

&��� 	� .�����0) &LOA 	
UP �
: �
:���
� &�O15 z) �#��� V-�;>� n�
� &��� 	� �
�% 	� ~- �2	�	� ./�� ��-��� M�: �
�% ��� �
:	��-� ���� 
� 

����
� ��R c: 7
#��	 &� ?�+� �	
L) @�� " ����� ���O� WGL% .#� 	� &-
!	
#>	 7
: 
:	��-� 	� ����S� /UY�) 	��-� ./�� ��� ��	", V6� .-� 	� 

?�� 	�) �
:6) " (7&'-
L% �
:	���� (��
� 	
#>	 B-�9 ��[�% �%
) 	� 
:�% ��:
�% &� 	�G�
: ./�� ��� ���� V-
� 
: �-
�
Y 
� ���

���
�&��� 	� 
:7 ��
�.��#': 	
#>	 B-�9 V-�;>� �:
� 
: 

 



 

6 

 
) -�+4�"� C�# .�� ���DE 
�(*�� : (789: 
�� �# 

 

 
) -�+5 : (��"� C�# .�� ���DE 
�(*�789: �("��( � �!# �# 

 

 

 

 

 

 

 

 
 
 

 

 
) -�+6�"� 
%G
 H)�� : ( �#4 789: 



 

7 

 

 

 

 

 

 

 

 

 

 

 

) -�+7�"� 
%G
 H)�� : ( �#8  �12 789: 

 

���� &'-
L%� .-� `�9�% &� V-�;>� 
- V:
� 1
LOA &P ���o
) 	� ��-	
�� ����  ���"���! 	� ��
��
: �	�% S�n ���	 �-
� &� ���� 

� 
� ���%��) ./>	 � 
� ���%��) &� ����� @�� /��
'J ��
� &� ����  �09�% 3-�0) �%��� .&P�: .-� � 
� &� 1 ~-�;��) ��
� &� .-� 

/�
�0% &� ��
� 	� ����� ����  ���"���! �#%"
L% /��� " 	�LP �: &� �H2 �#�-�;� ��
� ��0- ?�'�
#! ����  ���"���! �	 ��
� �#��� /��.  .-��

� ���-� B��, Q�> 
� 	�j�%-?�� 	� &� V-	
�� ��#� ���: &� ["� &LOA ���� 	�� )8 (��
� 7/�� ��� �6�% ?�$S) /S) 
: �";>� 	
� ��#>�� 	��<

 "&��� �	��#�� � 
�.�-��� &O�
S% 
:  l�LS) .-� 	���
� 	� �	��#�� � 
� ��
-�	� ���� 7
:�#6� ="	 �� �� ��
H#��./�� � � 	� 7="	 .-�#6� 

��
� &O�
S% ��-� B��, " c+
� �
: �����
� �#6� c�'L) 
� �T� " �,#6� &� ��-� B��� ��
��
� �	��#�� � 
� c+
� � &O�
S% ��%���� ���� .

��
� 	�j�% .-���
� " c+
� � �,�B� ��-�7  ?�$S) " �O�
Y 	
� Q�0% 	� �";>� 	
�  	��<�%.����  ?�� 	�)9 ( 	����%&'-
L��
� �	��#�� � 
� �� 
:

/�� ��� ��	",. 	�G�
: 	� &�?�� &A���% /�� �6�%7 ��
� " &#>
- V-�;>� �	��#�� � 
� 1
LOA ���0) V-�;>� 
�  ����� 	� 
: �09�% ����

@"
L%�% �).����  
: ��
� B$R� 	� &��� 	� �
�% 	� ~- ���
� 
� �
: &������ &#��� ��#U� 
#O'� ���$�. 

 

 

 

 

 

 

 

 

 

 

) -�+8J)
�� .*%� ����# 7� 1�� 789: �+�� 
�*)( ����� 1�� : ( 

 

 

 

 



8 

 

 

 

 

 

 

 

 

 
 
 

) -�+9�"� 
( �
�*%�� L�+ : (��+ ��
�� �# 

 

/%"
L% /'< .-� 	� ����  ���"���! 	� ="	 ?�$S)  ���� �";>� 	
����)
#�� 7�G ��R 
� B-�9 	
� �w
�#% 
� �
Y�-
� cd
< ?S% MKJ 

��#� 	� �: ="	 &� &$J�%  �-
��
Y- [�#�� �% �
�� 7��
�/�� ����� . e
�� &%
� .�-,� GSA 	� ?�$S) ���)
#�� �R�G �   �";>� 	
��! �� 

MKJ �8� �	�% �j� 7	
� �$Lo 	� &�
:�� B��, ��-� 	� B-�9 2 I�9 �%" ��� �T� ��
� /S) 	
� �$Lo 
- �O�
Y )?�$S �%���.  &� &Y�) 
�

?��) �
:10) 7(11 " ()12�% (���) ��:
�% &� ��� V-�;>� ���0) 1
LOA7 n�
� V-�;>� B-�9 	
� " 	� &��#� V-�;>� ��
� /%"
L% 	� ����� ����  

���"���! 	� /�0<�% MKJ &��� ��#� �%.��� 

 

 
                ) -�+10 ��M�� : ((*�N .�OG� 
��  �"�4 789:                 ) -�+11 ��M�� : (�N .�OG� 
��(*  �"�8 789: 

 

 
) -�+12 ��M�� : ( �(*�N .�OG� 
� �"�12 789: 



 

9 

 ?�� 	�)13 (&'-
L% 	������R ���%
�-� ;�+
�, �� ?2
J �����J =�� ����#� �� �	�" ��
%� &t6-	
) �G � /S) ["� &LOA �
: /�
�� I
#

	��o� �-��
� 	� ����  �� V�! �
:: ./�� ��� &d�	�
� 	� 
:���
� �-
�
Y 
� /�� �6�% &� 	�G� 7&����
� 
:� V:
� �:
�
� 	� ��	�" �"���� �
:

#': &LOA 	
UP.�� 

 

 
) -�+13 : (��P �����)( O�<�Q "� -4	 �R���	 S�����" 7TU)
E �V� 

 

��
� ����  nS� 	�� 1
L�LS) lOA 
:��#� �
�#�K��"���) &��� �
: �K+ .��	�� �	 ��-K! B��, ?�'�
#! .-�#��� (�'< .-� 	  Q�> 
� / ����

��#� .-�?�� l�
G%) 
:14(��
� 7?�� 	� �, s-
#� " ���� 	��< ��
-�	� �	�% 
#-�! 
%�+ &+;+� /S) �	 
:) �
:15) " (16� ��	", (�� &� 	�G�
: .���

�
: &��� /�� �6�% &��� �� &���	� �
�% 	� ~- " &���	� W<�" ���
� 
�W<�" ���
� 
� �
: �" 	��� ��#U� ���$� 	��-� (&#� .��t: " &��� �
:

&��� &� /O'� ��#U� /�09" &��� 	� �
�% 	� ~-&��� 	� W<�" ���
� 
� �
: .��	�� 	��-� 

 

 
) -�+14 7+*@ .*%� ����� : ( 1�� 789:A١ 

 

 
) -�+15 �# �"� �
�� .*%� ����� �W� 
( ��+ -��!E -4X� (��2E 7')8� 
�(*�� : (4  *+"� � 789:10 �4
( 



 

10 

 
) -�+16 : (�"� �
�� .*%� ����� �W� 
( ��+ -��!E -4X� (��2E 7')8� 
�(*�� �#4  *+"� � 789:15 �4
( 

 

��
� ���$� ��
-�	� /UY�% �
:���
� 
� &LOA 	
UP �
:��� ����  ?�'�
#! &� &�
��
� &� /O'� �	 ��# �
:8  "12 �  Q�> 
� 7��	�� 	��-� ���

) ?�� l�
G% ["� &LOA ����17��
� .-� (��
� .-� ��� ?���) ?2
H% " ��#>�� 	��< �-�o	�� &+;+� /S) 
:&'-
L% 	���� 	� 
:) ?�� ��18���J " ( ��

�
�% ���z) �O�
Y �O'� �
� .-� 1
LOA) ?�� 	� 
:19 ./�� ��� ���� V-
� (�% ��:
�% &� 	�G�
:&��� ������
� 
� �
: &��� 	� �
�% 	� ~- �
:

.��#��� ��#U� ���$� 

 

 
) -�+171�� 789: �+�� 
�*)( ����� : ( 

 

 

 

 

 

 

 

 

 

 

) -�+18 �# �"� �+�� 
�*)( ����� �W� 
( ��+ -��!E -4X� (��2E 7')8� 
�(*�� : (4 789: 

 



 

11 

 
) -�+19 �R���	 7')8� : ( .�� ���DE �9�Y�9'� �"� �+�� 
�*)( ����� �W� 
( �89: �#4 789: 

 
����  �� &��� "� 7["� &LOA 	� ���� 	��-� ����  ����S� ?S% &'-
L% 	�j�% &���� &'-
L% V6� .-� 	� ���� 	��-� �
:&��� 	� .��� ��
6#�� �
:

���� ����  /J
'%�% � .��
� &� 
��, ��u�;Y� ���% &� 	�j�% V-�;>� /%"
L% " ?�� ��-K! �
:	��-� ���� 	� &O+� &�O0) 	��-� �% �U% VL� " ����

.��	�� ���� 	��-� ���$� 	� ) ?�� lOA22����S� &��� 	� ����  /+
J (�% �).��
� 

 

 

 

 

 

 

 

 

 

 
                      )-�+20: ( 
�*)( ����� 7+*@ 
( �+��                                             )-�+21( � :*+"� -M� 
( �+�� 
�*)( ���� 

 

 

 

 

 

 

 

 

 

 

 

) -�+22 �R���	 : (�9'� .�� ���DE 7+*@ -M� 
( �+�� 
�*)( ����� �W� 
( �89:+"� -M� 
( � 
�*)( �* 



 

12 

5- 
��;B C��' 

� 	�-. LS)�l �	� &�-�
� �-
:	��� ���� ���
��
# 
� 	� 	��
:�  .#�}$'% .#>�� �j� 	� " ��� � !����"�� � 	�-. ��
��� &# ���! 
:��� ./�� �� 

�-.  	�;>� @�� �� ��
H#�� 
� ��#�� 	�j�%ETABS [�%
:� �
# 
�� J��A�  	�;>� @�� 	� �T� "PERFORM-3D [�%
:� �0� &�� O��& �
��  " ����

$S) /S)�?
:� 
#��)��� R�G �� � "-%
���� R�G �� �	� �	�%-�
� z#% .��#>�� 	��<�
:�� �	�� �	�%� )�) &��B ?%
� OA ���0)1
L  �
# 
�)4 78  "

12 0<�% 7(&LOA�/ ;��%) ���
��7  " &���-~ % 	���
 ���
� �2	� " (&��� 	�� �-	�� )10 "15 ��� �2	�� 
: ��
�� 4 OAL&  "10 ��� �2	�� 

��
�
:� 8  "12 
#� &%��� 	� 7����� (&LOA-s % &d�	� ?2
J�����  . 

1- 
#�-s % �
���7�:� �;�-�����#� �	
�� &� 
:���
�
:� � &�
:�-	�� %�����) � 	
#>	-	�� � �	� 1	
O� &� .��6� ��OU-�� �
� [
���	
�� 	� �� 
:

�;>� n�
�-V �9-B � |�U#�� " 	
#>	��#� *���� 0<�% &� /O'��/ �-�� % ��
� 	� 
:���
������. 

2-$S) 	��? �-%
���� R��G � ���+ 	
� /S)�� ��
� 	�
:� 4 ��
� [
�� &� �� �6�% &LOA�	
�� 	� �2
H% V:
� n�
� 
: ?��� 7 c� �)

� ����"�� ���� 
! ��-& ��
��t: " 
:�. 
��
Y V:
��- 1
LOA �O'� %����� .�&��� .9 	
�% 	� ~- �
: �"��� �� ��#U� /�09& &��� �
: /S)

���  
� 1f
J� 09�%�  	� ���"���! ���� ���  �"�� "� 09�%� ��
� 	� 
:.��#��� 

3- ���  nS� 	�� !�7���"�� �9-B $S) �� ��%, /�� &� 	
��? )
#����� R�G �� >� 	
����� �";�;>� 7-V # 
� 1
LOA ���0);>� n�
� �
�-V 

��
� /%"
L% 
:���  ����� 	�� !����"�� $Lo �
:	
� /S)� %����. �t:�. )"
H) &��� ��#� MKJ 	�� %��
 
#�-s �&��0<�% 
� 
:�/ :���
�
� 6%3$# 

� ��Y����%
. 

4-  1
LOA ���0) V-�;>� 
�&��� 	� 7��	�� �	�% �
:�	��#�� � 
� &� &� ����� @�� /��
'J ��
� &� ����  %�09� 3-�0) �%7���  V-�;>�

 &#>
-���:� �
�� &� @"
L% ��� �)��
��% �09�% ����  ����� 	� 
:.��
� 

5- 
#� &Y�) 
�-s 
! =�� �� ��%, /�� &�-& 
��
Y "�-
: ��) ?2
H% "�? % ���� ��)�;>� 7/H� �-V � n�
� 
:���
� �
0���$G%
� ���$I ��
� �)

%�����. 

6- S) �� ��%, /�� &� s-
#� &� &Y�)?�$ ?S% 	� " 	��-� &��� ?S% 	� ���� 	��-� ��#6�'� 7
:u�;Y� 
� ���%
H% V-�;>� n��-
��
Y " ?2  �O'�

����S� s-
#� &� ��� 1
LOA.�	�� 	��-� (�" ?S% 	� ��#6�'� `�<" &� /O'� ��) 

 

6- DE��� 

[١] Ellingwood, B. R., Smilowitz, R., Dusenberry, D. O., Duthinh, D., Lew, H. S., & Carino, N. J. (٢٠٠٧). “Best 
practices for reducing the potential for progressive collapse in buildings” (No. NIST Interagency/Internal 
Report (NISTIR)-٧٣٩۶). 

[٢] Lew, H. S. (٢٠٠٣). “Best practices guidelines for mitigation of building progressive collapse”. National 
Institute of Standards and Technology, Gaithersburg, Maryland, USA, ٨-٢٠٨٩٩611. 

[٣] Menchel, K. (٢٠٠٩). “Progressive collapse: comparison of main standards, formulation and validation of new 
computational procedures”. Universite Libre de Bruxelles, Faculte des Sciences Appliquees, Ph. D. Thesis. 

[۴] Kim, J., & Kim, T. (٢٠٠٩). “Assessment of progressive collapse-resisting capacity of steel moment frames”. 
Journal of Constructional Steel Research, ۶۵(١), ١۶١-٩79. 

[۵] Wibowo, H., & Lau, D. T. (٢٠٠٩). “Seismic progressive collapse: qualitative point of view”. Civil 
Engineering Dimension, ١-٨ ,(١)١١۴. 

[۶] Wibowo, H., Reshotkina, S., & Lau, D. (٢٠٠٩, May). “Modelling progressive collapse of RC bridges during 
earthquakes”. In CSCE annual general conference (pp. ١١-١). 

]7 [�S% �
 �7 ) .,7����� 7.@1391 .("�	��� 
U�"	 /<�� $S)�? 	
Y� �
'+�% 	�� �-	�� ���� �#�� ���
� 
�"U� .�. � ������. $$+�� 

���U%� #0�2 �
����� 7�
UH2� 7����� .�
UH2� 



 

13 

]8 [d��:��7   7.@.e��+��-7. HLo 7.e 7���  
H2 7.`�7 ) .q.@1395 .(" �	�-�
� 	
��-�� ��� � !����"�� 	� 
: �
# 
�� �	�� }$'% .#�� 

�-	�� ���� $S) �� ��
H#�� 
��? �-%
���� R�� G �"%"� .�. $% ����H��� ���U%� 	
0% 7�����  &0��) "��U�. 

]9 [,�-. J��A &%
��  �	���
#�� 7&+;+� ����� 	� 
: �
# 
�2800" 7-��-V �% 7���U) 7@	
UPLS) ;��1
L �'%.. 

]10 [��-� &0��)��� 7@	
UP V-��-" 7�
# 
� �$% 1�	�L% s-"�) " .-"�) �#>� .�
# 
� �$% 1��L% cU� nSO%���U) 7�. 

]11 7�;-	 &%
��� " /-�-�% �
%�
� [�
'U� ?0+�	�#��� ���+�� �
# 
�
:� ��Y�%  �	
� &-���)360 (" V-��-92. 

]12 [$% 1�	�L% c�� nSO%��-� &0��) ��� 7@�� V-��-" 7�
# 
� �$% 1�	�L% s-"�) " .-"�) �#>� .�
# 
� ����U) 7�. 

[١٣] GSA., (٢٠٠٣). “Progressive collapse analysis and design guidelines for new federal office buildings and 
major modernization projects”. The US General Services Administration. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

14 

Evaluation of progressive collapse in reinforced concrete shear walls buildings with 

openings by concerning the position and characteristic of openings 

 
٢ , Bahmani Reza١ Madandoust Rahmat 

 1-Associate Professor, Civil Engineering Department, University of Guilan 
2-Student of Structural Engineering, University of Guilan 

rezabahmani.ce@gmail.com 
 Abstract 

 
Progressive collapse can be defined by the chain wise development of a failure that begins with partial and 

local damage in a structure due to natural or human hazards. Rupture can be occurring during severe 
earthquake events due to a bad design or a bad execution of the structure. The inability of the adjacent 
members of the one which is damaged, to redistribute the overload, causes the failure to occur chain wisely, 
leading to a failure in the overall or general position of the structure. Adopting shear walls in buildings, due to 
the hardness and high bearing capacity, makes the building's strength considerably higher. However, some 
architectural constraints make it unavoidable to provide openings in shear walls, which affects the overall 
behavior. 

In this paper, the behavior of reinforced concrete structures is investigated against progressive collapse by 
removing the column and shear walls under gravity and seismic loads. The walls are open in different 
positions and dimensions. ۴, ٨ and ١٢-story buildings with different position and percentage of openings after 
initial design, modeled in PERFORM-٣D software and non-linear static analysis and nonlinear dynamics of 
time histories have been performed to examine the performance of the walls in progressive collapse issue. The 
results of the analysis show that creating an opening in different dimensions and position affects the 
performance of the shear wall and causes changes in the structure's behavior against the formation of hinges 
and failure. 
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